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Oximic 1,2,4-triazole ligands 2a–e were prepared from the reaction of 3-acetyl-4,5-dihydro-1H-1,2,4-triazoles 1a–e with hydrox-
ylamine hydrochloride at room temperature. At higher temperatures, the reaction afforded, however, the novel ring transformation
product 4-amino-2-(4-chlorophenyl)-5-methyl-2H-1,2,3,6-oxatriazine 3. The reaction of the ligands 2a–e with nickel (II) and palla-
dium (II) acetates in ethanol at room temperature yielded the respective square planar complexes 5a–e, 6a,e. X-ray structure deter-
mination of one of these complexes (5a) revealed that metallation led to unexpected ring transformation of the triazole ligand. It is
probable that such ring transformation generated the imidazole-N-oxide intermediate 4a which coordinated to Ni(II) ion, and the
4N-donor set comprises both imidazole nitrogen and arylhydrazone nitrogen. The whole process is associated with loss of one
hydrogen molecule and formation of one new p-bond. The new compounds were characterized by elemental analysis, IR, 1H
NMR, 13C NMR and HRMS.
 2005 Elsevier B.V. All rights reserved.
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Substituted 1,2,4-triazoles represent an important
class of heterocycles that find many useful applications
as biological reagents: They are used as fungicides
[1–3], insecticides [4,5], antimicrobe [6], herbicides [7]0020-1693/$ - see front matter  2005 Elsevier B.V. All rights reserved.
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3 Fax: +20 2 4157804.and anti animal parasites [8]. Many 1,2,4-triazole deriv-
atives are used as dyes and photographic chemicals
[9,10]. The synthesis of polymers derived from triazoles
is currently the most important practical application of
this heterocyclic system [11]. Metal coordination com-
pounds of 1,2,4-triazole derivatives as ligands and their
pharmacological importance were recently reviewed by
Haasnoot [12]. A new area is the search for triazole
ligands to be used in iron (II) spin crossover systems
[13,14].
Recently, we have described the synthesis of 3-acetyl-
4,5-dihydro-1H-1,2,4-triazoles (1a–e) via direct interac-
tion between alkanone [15] and cycloalkanone [16]
oximes with hydrazonoyl halides in the presence of tri-
ethylamine at room temperature.
4512 Abdel-Rahman S. Ferwanah et al. / Inorganica Chimica Acta 358 (2005) 4511–4518In this work, we investigated the reaction of the oxi-
mic ligands 2a–e with nickel (II) acetate and palladium
(II) acetate. Such ligands are of significant interest and
would behave as good bidentate ligands in complexation
with metal ions.2. Results and discussion
Triazole oximes 2a–e are readily accessible via oxima-
tion of the C3-acetyl group of these triazoles 1a–e using
fivefold excess of hydroxylamine hydrochloride in the
presence of sodium acetate at room temperature
(Scheme 1). All new oximes gave satisfactory elemental
analysis and exhibit consistent IR, NMR, MS and
HRMS.
Refluxing the above mentioned reaction mixture, or
the formed oximes 2a–e in ethanol for 5 h resulted in
the formation of the novel ring transformation product
4-amino-2-(4-chlorophenyl)-5-methyl-2H-1,2,3,6-oxatri-
azine (3), probably via elimination of the corresponding
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Scheme 1(Scheme 2). The structure of compound 3 was confirmed
by analytical and spectral data. The MS gave the correct
molecular ion peak in accordance with the proposed
structure; of special importance is the peak at 141
(60%) which is attributed to the fragment (4-
ClC6H4NO). This is in accordance with the suggested
structure 3 rather than the triazole-N-oxide isomer 8.
1H NMR shows only three signals for the aromatic
protons, NH2 and CH3;
13C NMR accounts for the dif-
ferent carbon atoms of the suggested structure, in addi-
tion to the signals of the aromatic ring, two signals for
the C@N appear at 147.24 and 134.21 ppm. The signal
of the methyl group at C5 appears at 7.10 ppm. This is
in accordance with reported values of CH3C@N group
in heterocyclic compounds [17].
1,2,3,6-oxatriazines are hitherto unknown; an equi-
librium between hydrazyl radical and 1,2,3,6-oxatri-
azine-N-oxide radical was assumed by Snyder et al. [18].
The reaction of oximic triazole ligands 2a–e with
nickel (II) acetate tetrahydrate and palladium (II) ace-
tate in ethanol for 24 h at room temperature led to the









































































Abdel-Rahman S. Ferwanah et al. / Inorganica Chimica Acta 358 (2005) 4511–4518 4513complexes are soluble in acetone and chloroform but
insoluble in water.
X-ray structure determination of one of these com-
plexes (5a) revealed that metallation under the reaction
conditions led to unexpected ring transformation of
the triazole ligand to the corresponding imidazole-N-
oxide intermediate 4a, which is coordinated to M(II)
ion, and the 4N-donor set comprises both imidazole
nitrogen (N3) and arylhydrazone nitrogen (N1). The
whole process is associated with loss of a hydrogen mol-
ecule and formation of a new p-bond. The molecular
structure of 5a is displayed in Fig. 1. Crystal data and
structure refinement parameters for this compound areFig. 1. ORTEP plot of the molecular structure of 5a.given in Table 1. Selected bond lengths and angles are
given in Table 2.
X-ray structure is consistent with the IR and 1H
NMR spectra of these complexes which lack any signal
for the OH groups; thus supporting the mesoionic
N-oxide structure. The MS and HRMS spectra of the
complexes also indicated that they have the molecular
formula ML2–H2. The NMR spectral data for 5 and 6
are in full agreement with the X-ray molecular structure.
The 13C NMR spectra account for the different carbon
atoms of the complexes. Signal doubling appears for
the 2R groups because they are not symmetric with re-
spect to the plane of the molecule. The signals of the
spiro carbon (105–114 ppm) and the C@NO carbon
(about 170 ppm) appear at lower field than those of
the signals of these carbons in the original triazole oxi-
mes 2a–e.
The electrical conductance of the complexes in DMF
solution is almost negligible supporting their non-elec-
trolyte nature.
The electronic spectra of the Ni(II) complexes 5a–e
display a distinct band around 18450 cm1 assigned to
1A1g ! 1B1g transition in planar field [19], while the elec-
tronic spectra of the Pd(II) complexes 6a,e display two
absorption bands around 24690 assigned to 1A1g ! 1E2g
transition, and 17540 cm1 assigned to 1A1g ! 1B1g
transition, which are consistent with square planar
Pd(II) complexes [20].3. Experimental
Melting points (uncorrected) were determined on an
electrothermal Mel. Temp. apparatus. IR spectra were
Table 1
Crystal data and structure refinement for 5a
Identification code niofwhm
Empirical formula C24H26Cl2N8NiO2




















Cell measurement reflections used 4821
Cell measurement hmin,max () 2.30, 28.05
Diffractometer control software Bruker AXS SMART Vers. 5.054 1997/98
Diffractometer measurement device Siemens SMART CCD area detector system
Diffractometer measurement method fullsphere data collection in omega at 0.3 scan width two runs with 720
frames, / = 0, 270 and two runs with 436 frames, / = 88, 180
h Range for data collection 2.30–28.43
Completeness to theta = 28.43 (%) 99.4
Index ranges 23 6 h 6 23, 11 6 k 6 11, 23 6 l 6 23
Computing data reduction Bruker AXS SAINT program Vers. 6.02A
Absorption coefficient (mm1) 0.947
Computing absorption correction Bruker AXS SADABS program multiscan V2.03
Absorption correction details R.H. Blessing, Acta Cryst. A51 (1995) 33–38
Max./min. transmission 1.00/0.79
Rmerg before/after correction 0.1178/0.0613
Computing structure solution Bruker AXS SHELXTL Vers. 5.10 DOS/WIN95/NT
Computing structure refinement Bruker AXS SHELXTL Vers. 5.10 DOS/WIN95/NT
Refinement method full-matrix least-squares on F2
Reflections collected 31586
Independent reflections [Rint] 3408 [0.0418]
Data/restraints/parameters 2656/0/168
Goodness-of-fit on F2 1.070
Weighting details w ¼ 1=½r2ðF 2oÞ þ ð0.0787 P Þ
2 where P ¼ ðF 2o þ 2F 2cÞ=3
Final R indices [I > 2r(I)] R1 = 0.0454, wR2 = 0.1108
R indices (all data) R1 = 0.0556, wR2 = 0.1159
Largest difference in peak and hole 1.626 and 0.200 e3
Treatment of hydrogen atoms riding model on idealized geometries with the 1.2-fold isotropic displacement
parameters of the equivalent Uij of the corresponding carbon atom
4514 Abdel-Rahman S. Ferwanah et al. / Inorganica Chimica Acta 358 (2005) 4511–4518obtained by using Perkin–Elmer 237 infrared spectro-
meter (KBr discs) 1H- and 13C NMR spectra were
recorded on a Brucker 300 MHz instrument for solution
in CDCl3 at 21 C, using TMS as an internal reference.
Chemical shifts are expressed in d (ppm) downfield from
TMS. Electron impact MS were run on Finnigan Mat
8200 and 8400 series double focusing sector field spec-
trometer at 70 eV. Triazoles 1a–e were prepared from
hydrazonoyl halides and keto oximes as recently reported
by our group [15,16].3.1. Synthesis of 3-acetyl-1,2,4–triazole oximes (2a–e)
To a solution of the respective triazole 1 (3 mmol) in
methanol (70 ml) was added hydroxylamine hydrochlo-
ride (15 mmol) and sodium acetate (15 mmol). The
resulting mixture was stirred overnight at room temper-
ature. The solvent was then evaporated in a dish at room
temperature and the residue was washed with water
(100 ml). The insoluble product was recrystallized from
ethanol or chloroform/petroleum ether (40–60 C).
Table 2






























































Abdel-Rahman S. Ferwanah et al. / Inorganica Chimica Acta 358 (2005) 4511–4518 4515The following compounds were synthesized using this
method.3.2. 3-Acetyl-1-(4-chlorophenyl)-4,5-dihydro-5,5-
dimethyl-1H-1,2,4-triazole oxime (2a)
From 0.75 g (3 mmol) of 1a: yield 0.47 g (59%), m.p.
174–175 C; IR: 3448, (O–H), 3365 (N–H), 1654 (C@N)
cm1; 1H NMR: d 7.2 (m, 4H, aromatic protons), 9.7
(bs, 1H, OH), 4.8 (s, 1H, NH), 2.2 (s, 3H, CH3C@N),
1.64 (s, 6H, C(CH3)2);
13C NMR: 145 (C@NOH),
147.5 (C@N), 141.22, 128.98, 127.13, 118.61 (aromatic
carbons), 85.22 (C-5 ring carbon), 27.6 (C(CH3)2), 9.22
(CH3C@N); MS: m/z 266 (M
+), 251 (M+  CH3), 125
(ClC6H4N
+), 111 (C6H4Cl
+); HRMS (M+ found =
266.093439: calcd. = 266.093507; mass difference for
C12H15ClN4O = 0.26).
Anal. Calc. for C12H15ClN4O: C, 54.04; H, 5.67; N,
21.00. Found: C, 53.90; H, 5.66; N, 20.99%.3.3. 3-Acetyl-1-(4-chlorophenyl)-1,2,4-
triazaspiro[4.4]non-2-ene oxime (2b)
From 0.44 g (1.5 mmol) of 1b: yield 0.22 g (50%),
m.p. 204 C; IR: 3450 (O–H), 3365 (N–H), 1645
(C@N) cm1; 1H NMR: d 9.7 (b.s, 1H, OH), 7.2–6.9
(4H, aromatic protons), 4.5 (s, 1H, NH), 2.3 (s, 3H,
CH3), 2.2–1.5 (m, 8H, cyclopentane protons),
13C
NMR: 147.42 (C@NOH), 144.83 (C@N), 141.32,
128.89, 126.11, 117.89 (four aromatic carbons), 95.51
(C-5 ring spiro carbon), 11.23 (CH3), (37.27), (24.37)
(cyclopentane carbons); MS: m/z 292 (M+), 263
(M+  C2H5), 125 (ClC6H4N+), 111 (C6H4Cl+).
Anal. Calc. for C14H17ClN4O: C, 57.44; H, 5.85; N,
19.14. Found: C, 56.98; H, 6.21; N, 18.82%.3.4. 3-Acetyl-1-(4-chlorophenyl)-1,2,4-
triazaspiro[4.5]dec-2-ene oxime (2c)
From 0.88 g (3 mmol) of 1c: yield 0.52 g (57%), m.p.
216–217 C; IR: 3430 (O–H), 3371 (N–H), 1640
(C@N) cm1; 1H NMR: d 8.6 (bs, 1H, OH), 7.1–7.0
(m, 4H, aromatic protons), 4.3 (s, 1H, NH), 2.15 (s,
3H, CH3C@N), 1.9–1.5 (m, 10H, cyclohexane protons);
13C NMR: 145 (C@NOH), 148.0 (C@N), 141.22,
128.57, 127.13, 112.97 (aromatic carbons), 92.8 (C-5
ring spiro carbon), 34.92, 24.00, 22.03 (cyclohexane car-
bons), 7.69 (CH3C@N); MS: m/z 306 (M
+), 263
(M+  C3H7), 125 (ClC6H4N+), 111 (C6H4Cl+); HRMS
(M+ found = 306.124739: calcd. = 306.124627; mass
difference for C15H19ClN4O = +0.37).
Anal. Calc. for C15H19ClN4O: C, 58.73; H, 6.24; N,
18.26. Found: C, 58.95; H, 6.26; N, 18.33%.
4516 Abdel-Rahman S. Ferwanah et al. / Inorganica Chimica Acta 358 (2005) 4511–45183.5. 3-Acetyl-8-tert-butyl-1-(4-chlorophenyl)-1,2,4-
triazaspiro[4.5]dec-2-ene oxime (2d)
From 1.04 g (3 mmol) of 1e: yield 0.50 g (46%), m.p.
221–222 C; IR: 3430 (O–H), 3371 (N–H), 1648 (C@N)
cm1; 1H NMR: d 7.2–7.1 (m, 4H, aromatic protons),
9.8 (bs, 1H, OH), 5.1 (s, 1H, NH), 2.2 (s, 3H,
CH3C@N), 1.9–1.0 (m, 9H, cyclohexane protons), 0.90
(s, 9H, t-butyl); 13C NMR: 141.5 (C@NOH), 150.0
(C@N), 141.41, 129.85, 125.11, 121.00 (aromatic car-
bons), 89.9 (C-5 ring spiro carbon), 46.92/46.20 (CH),
35.62 (C-tert-butyl), 32.50/32.38 (2CH2), 27.68/27.57
(3CH3), 24.34/23.58 (2CH2) (tert-butylcyclohexane car-
bons), 10.90/8.33 (CH3C@N); MS: m/z 362 (M
+), 263
(M+  C7H15), 125 (ClC6H4N+), 111 (C6H4Cl+);
HRMS (M+ found = 362.187853: calcd. = 362.187339;
mass difference for C19H27ClN4O = 1.43).
Anal. Calc. for C19H27ClN4O: C, 62.88; H, 7.50; N,
15.44. Found: C, 62.46; H, 7.78; N, 15.15%.3.6. 3-Acetyl-1-(4-chlorophenyl)-1,2,4-
triazaspiro[4.6]undec-2-ene oxime (2e)
From 0.92 g (3 mmol) of 1d: yield 0.65 g (68%), m.p.
198–200 C; IR: 3436 (O–H), 3363 (N–H), 1642 (C@N)
cm1; 1H NMR: d 7.1–7.0 (m, 4H, aromatic protons),
8.8 (bs, 1H, OH), 4.7 (s, 1H, NH), 2.16 (s, 3H,
CH3C@N), 1.8–1.7 (m, 12H, cycloheptane protons);
13C NMR: 144.78 (C@NOH), 145.5 (C@N), 133.83,
129.20, 125.17, 114.86 (aromatic carbons), 92.56 (C-5
ring spiro carbon), 39.59, 29.25, 22.52 (cycloheptane
carbons), 7.90 (CH3C@N); MS: m/z 320 (M
+), 263
(M+  C4H9), 125 (ClC6H4N+), 111 (C6H4Cl+); HRMS
(M+ found = 320.140561: calcd. = 320.140389; mass
difference for C16H21ClN4O = 0.55).
Anal. Calc. for C16H21ClN4O: C, 59.90; H, 6.60; N,
17.46. Found: C, 59.57; H, 6.91; N, 17.02%.3.7. Synthesis of 4-amino-2-(4-chlorophenyl)-5-methyl-
2H-1,2,3,6-oxatriazine (3)
To a solution of the triazole 1a (0.25 g, 1 mmol) in
methanol (25 ml) was added hydroxylamine hydrochlo-
ride (0.35 g, 5 mmol) and sodium acetate 0.68 g
(5 mmol) in methanol (25 ml). The resulting reaction
mixture was refluxed for 5 h. The solvent was then evap-
orated in a dish at room temperature and the residue
was washed with water (50 ml). The insoluble product
was recrystallized from chloroform/petroleum ether
(40–60 C). Yield (0.15 g, 67%), m.p. 154–155 C; IR:
3441, 3309, 3212, 3172 (amide like NH2) cm
1; 1H
NMR: d 7.9, 7.4 (2d, 4H, aromatic protons), 3.95 (s,
2H, NH2), 2.2 (s, 3H, CH3);
13C NMR: 147.24, 134.21




+), 111 ðCl–C6H4þÞ; HRMS
(M+ found = 224.046489: calcd. = 224.046371, mass
difference for C9H9ClN4O = 0.51.
Anal. Calc. for C9H9ClN4O: C, 48.12; H, 4.04; N,
24.94. Found: C, 48.37; H, 4.06; N, 25.07%.
This compound was similarly obtained when we
heated any triazole (1b–e) under reflux in ethanol for
5 h with hydroxylamine hydrochloride and sodium
acetate.3.8. Synthesis of bis(3-Acetyl-1,2,4–triazole oximes)
metal (II) complexes (5a–e, 6a,e):
To a solution of the triazole oxime 2a–e (2 mmol) in
absolute ethanol (25 ml) was added a solution of metal
acetate (1 mmol) in ethanol (25 ml). The resulting reac-
tion mixture was stirred overnight at room temperature
and refrigerated for 2 h. The black solid product was
collected by suction filtration, washed with cold ethanol
(5 ml), and dried in vacuo.
The following complexes were prepared using this
method:3.9. Bis[4-(4-chlorophenylhydrazono)-2,2,5-trimethyl-
3H-imidazol-1-oxide] nickel (II) (5a)
From 0.266 g (1 mmol) of 2a: yield 0.29 g (76%), m.p.
285d C; IR: 1573, 1493, 1211 cm1; 1H NMR: d 9.72,
7.00 (2d, 8H, aromatic protons), 2.6 (s, 6H, CH3C@N),
2.1, 2.0 (2s, 12H, C(CH3)2);
13C NMR: 171.80 (C@NO),
158.0 (C@N), 140.5, 136.94, 127.49, 120.40 (aromatic
carbons), 105.97 (C-2 ring carbon), 22.39, 21.70
(C(CH3)2), 8.73 (CH3C@N); HRMS (M
+
found = 586.090919: calcd. = 586.090806; mass differ-
ence for C24H26Cl2N8O2Ni = +0.18).
Anal. Calc. for C24H26Cl2N8O2Ni: C, 49.00; H, 4.42;
N, 19.06. Found: C, 48.81; H, 4.53; N, 18.87%.3.10. Bis[3-(4-chlorophenylhydrazono)-1,4-
diazaspiro[4.4]non-1-en-1-oxide] nickel (II) (5b)
From 0.18 g (0.6 mmol) of 2b: yield 0.14 g (69%),
m.p. 207 C; IR: 1569, 1489, 1214 cm1; 1H NMR: d
9.72, 7.00 (2d, 8H, aromatic protons), 2.6 (s, 6H,
CH3C@N), 2.5–1.9 (m, 16H, cyclopentane protons);
13C NMR: 170.70 (C@NO), 159.3 (C@N), 140.4,
136.1, 127.0, 119.8 (aromatic carbons), 114.0 (C-2 ring
spiro carbon), 34.7/33.0, 26.3/25.8 (cyclopentane
carbons), 8.4 (CH3C@N); HRMS (M
+ found =
638.122584: calcd. = 638.122219; mass difference for
C28H30Cl2N8O2Ni = 0.57).
Anal. Calc. for C28H30Cl2N8O2Ni: C, 52.50; H, 4.69;
N, 17.50. Found: C, 52.14; H, 5.01; N, 17.18%.
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diazaspiro[4.5]dec-1-en-1-oxide] nickel (II) (5c)
From 0.15 g (0.5 mmol) of 2c: yield 0.10 g (61%),
m.p. 254 C; IR: 1580, 1494, 1223 cm1; 1H NMR: d
9.8, 7.0 (2d, 8H, aromatic protons), 2.6 (s, 6H,
CH3C@N), 2.8–1.2 (m, 20H, cyclohexane protons);
13C NMR: 172.25 (C@NO), 159.05 (C@N), 139.70,
136.40, 125.25, 118.65 (aromatic carbons), 107.85 (C-2
ring spiro carbon), 28.91/28.53, 24.65, 23.46/22.55
(cyclohexane carbons), 7.93 (CH3C@N); HRMS (M
+
found = 666.153663: calcd. = 666.153519; mass differ-
ence for C30H34Cl2N8O2Ni = 0.22).
Anal. Calc. for C30H34Cl2N8O2Ni: C, 53.89; H, 5.09,
N; 16.77. Found: C, 53.45; H, 5.34; N, 16.41%.
3.12. Bis[8-tert-butyl-3-(4-chlorophenylhydrazono)-1,4-
diazaspiro[4.5]dec-1-en-1-oxide] nickel (II) (5d)
From 0.18 g (0.5 mmol) of 2e: yield 0.09 g (46%), 274–
275 C; IR: 1573, 1490, 1224 cm1; 1H NMR: d 9.8, 7.0
(2d, 8H, aromatic protons), 2.5 (s, 6H, CH3C@N), 2.8–
0.9 (m, 22H, cyclohexane protons), 0.50 (s, 18H, t-butyl);
13CNMR: 172.18 (C@NO), 159.0 (C@N), 139.70, 136.36,
125.47, 118.70 (aromatic carbons), 107.79 (C-2 ring spiro
carbon), 46.61, 29.25/29.18, 27.05, 24.30/23.62 (tert-
butylcyclohexane carbons), 7.58 (CH3C@N); HRMS
(M+ found = 778.278416: calcd. = 778.278719;mass dif-
ference for C38H50Cl2N8O2Ni = 0.38).
Anal. Calc. for C38H50Cl2N8O2Ni: C, 58.46; H, 6.41;
N, 14.36. Found: C, 58.01; H, 6.72; N, 13.98%.
3.13. Bis[3-(4-chlorophenylhydrazono)-1,4-
diazaspiro[4.6]undec-1-ene-1-oxide] nickel (II) (5e)
From 0.32 g (1 mmol) of 3d: yield 0.3 g (86%), m.p.
235 C; IR: 1570, 1489, 1218 cm1,1H NMR: d 9.7, 7.0
(2d, 8H, aromatic protons), 2.5 (s, 6H, CH3C@N),
2.7–1.3 (m, 24H, cycloheptane protons); 13C NMR:
170.58 (C@NO), 158.91 (C@N), 138.72, 135.73,
126.29, 119.42 (aromatic carbons), 109.03 (C-2 ring
spiro carbon), 34.48/34.47, 31.26/31.08, 23.43/22.77
(cycloheptane carbons), 7.89 (CH3C@N); HRMS (M
+
found = 694.184973: calcd. = 694.184819; mass differ-
ence for C32H38Cl2N8O2Ni = 0.22).
Anal. Calc. for C32H38Cl2N8O2Ni: C, 55.17; H, 5.46;
N, 16.09. Found: C, 54.68; H, 5.80; N, 15.90%.
3.14. Bis[4-(4-chlorophenylhydrazono)-2,2,5-trimethyl-
3H-imidazol-1-oxide] palladium (II) (6a)
From 0.18 g (0.68 mmol) of 2a: yield 0.12 g (56%),
m.p. > 300 C; IR: 1581, 1501, 1196 cm1, 1H NMR: d
7.46, 7.00 (2d, 8H, aromatic protons), 2.4 (s, 6H,
CH3C@N), 1.8 (s, 12H, C(CH3)2);
13C NMR: 166.05
(C@NO), 150.36 (C@N), 133.48, 132.11, 128.29,126.35 (aromatic carbons), 95.81 (C-2 ring carbon),
28.16 (C(CH3)2), 9.30 (CH3C@N); MS: m/z 634 (M
+).
Anal. Calc. for C24H26Cl2N8O2Pd: C, 45.33; H, 4.09;
N, 17.63. Found: C, 44.97; H, 4.41; N, 17.27%.
3.15. Bis[3-(4-chlorophenylhydrazono)-1,4-
diazaspiro[4.6]undec-1-en-1-oxide] palladium (II) (6e)
From 0.24 g (0.74 mmol) of 2e: yield 0.083 g (54%),
m.p. > 300 C; IR: 1579, 1489, 1212 cm1, 1H NMR: d
8.2, 7.3 (2d, 8H, aromatic protons), 2.4 (s, 6H,CH3C@N),
2.3–1.3 (m, 24H, cyclo-heptane protons); 13C NMR:
168.55/165.24 (C@NO), 155.71 /150.66 (C@N), 140.36/
134.36, 133.43/131.55, 129.85/129.73, 126.00/125.09
(aromatic carbons), 104.43/102.82 (C-2 ring spiro car-
bon), 38.28/37.93, 31.02/29.49, 23.056/22.87 (cyclohep-
tane carbons), 10.63/9.08 (CH3C@N); ms:m/z 742 (M
+).
Anal. Calc. for C32H38Cl2N8O2Pd: C, 51.66; H, 5.11;
N, 15.07. Found: C, 51.42; H, 5.36; N, 14.82%.
3.16. Crystal structure determination of 5a
Black rhombohedral crystals were obtained by
recrystallization of 5a from benzene/petroleum ether
(40–60 C) left at 5 C in the refrigerator for 24 h.Acknowledgements
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